We aimed to evaluate the expression levels of the tumor suppressor WOX1 in nervous system tumors and its co-expression with p53 and neurofibromatosis type 2/merlin (NF2) tumor suppressor gene products. METHODS: Immunohistochemistry, western blotting and in situ hybridization were used for WOX1 protein and WWOX mRNA expression. Immunofluorescence and electron microscopical immunohistochemistry were performed for colocalization of gene products. RESULTS: WOX1 expression is low in normal cortical neurons, mainly on the axon fibers, whereas there is moderate to high immunoreactivity in the cytosol and nuclei of certain tumor cells. In the microcystic (WHO grade I) and malignant (WHO grade III) meningiomas, WOX1 expression is intense, but various in transitional (WHO grade I) and atypical (WHO grade II) subtypes. WOX1 levels are moderate to high in the menigiotheliomatous area, but relatively low in the fibroblastic area. WOX1 and NF2/merlin, but not p53, colocalized in certain tumor cells, primarily at the borders of nuclei. Schwannoma and astrocytoma specimens stained moderately to strongly positive for the WOX1 protein. Interestingly, the expression of WOX1, NF2/merlin and mutant p53 is intense in high grade glioblastoma, but WOX1 expression is low in metastatic carcinoma or adenocarcinoma. CONCLUSIONS: The expression of WOX1 on different types of nervous system tumors, including primary and metastatic tumors, is differential.
Introduction
The Human gene WWOX, located on a chromosomal fragile site (FRA16D), encodes a tumor suppressor WW domain-containing oxidoreductase WOX1, also known as WWOX or FOR [1] [2] [3] . Homozygous deletion of the human WWOX gene has been observed in several different cancers [1] [2] [3] [4] [5] [6] [7] , indicating the chromosomal fragility of the WWOX gene plays an important role in tumorigenesis. The WWOX mRNA expression profile in epithelial ovarian cancer also supports the WWOX variant 1 as a tumor suppressor [8] . Alteration of the WOX1 gene product and its phosphorylation has been detected in various tumor tissues. For instance, during the progression of prostate and breast cancers from hyperplasia, cancerous to metastatic stages, WOX1 expression is upregulated [9] . In contrast, downregulation of the WOX1 protein and phosphorylation in squamous cell carcinoma has been observed [10] . However, it still remains unknown whether WOX1 gene products are present and function in nervous system tumors.
In vitro studies have shown that stress stimuli induce WOX1 phosphorylation followed by translocation to the mitochondria and nucleus [11] . Upregulated WOX1 interacts with tumor suppressor p53 and JNK1 in mediating apoptosis [12] . p73, the p53 homologue, was also found to physically interact with WOX1 via first WW domain and contributes to proapoptotic activity [5] . Recent studies further demonstrate that WOX1 binds and stabilizes p53 to regulate cell death with MDM2 involvement [13] . In the nervous system, WOX1 is highly expressed in developing CNS and PNS, but downregulated as adults, suggesting its role in neuronal development rather than apoptotic function [14] . We also detected that WOX1 is normally distributed in cortical fibers, striatal nerve bundles, corpus callosum and some projecting fibers in human and rodent brains, but low in astrocytes or other glia. Upregulation of WOX1 and its phosphorylation at Tyr33 was observed recently in light-induced retinal degeneration [15] and neurotoxin-and axotomy-induced neuronal injury (published data). In patients with AD, WOX1 expression was altered [16] . Demonstrated downregulation of WOX1 induced Tau phosphorylation and the formation of neurofibrillary tangles. These observations indicate that WOX1 plays multiple functions in modulating neuronal survival and death.
On the other hand, neurofibromatosis 2 (NF2) is an inherited disorder, caused by inactivating mutations of the NF2 gene, that predisposes the patient to the development of nervous system tumors such as meningioma and schwannoma [17] . Merlin, the NF gene product, has been shown to interact with numerous proteins, involving a variety of cellular activities [18, 19] . For instance, NF2/merlin interacts with the actin cytoskeleton to modulate cell growth and motility. Besides, NF2/merlin efficiently inhibited Rac-induced colony formation and reduced JNK activity as well as Rac-induced AP-1 transcription [20] . These observations and an increase of Rac/JNK in schwannomas suggest that the regulation of NF2/merlin on Rac/JNK activation is important for schwannoma cell dedifferentiation [21] . Moreover, NF2/merlin increases p53 activity by inducing MDM2 degradation and could be a positive regulator of p53 [22] . As mentioned earlier, the activated p53 interacts with phosphorylated WOX1 and JNK1 to regulate apoptosis [12] . During stress response, the formation of a heterotrimeric complex p53/WOX1/JNK1 could be detected. More evidence indicates that WOX1 is involved in the regulation of p53 expression and its transcriptional target p21 [13] . It is intriguing to investigate whether tumor suppressor WOX1 interacts with mutant p53 in nervous system tumors. Meningiomas are common tumors on the coverings of the CNS. Several genes have been shown to carry mutations in meningiomas, with the NF2 gene being most frequently affected. In this study, the co-expression of WOX1, p53 and NF2/merlin status in meningiomas was also investigated. A positive correlation between the grades of tumor malignancy and the levels of WOX1 expression was detected, suggesting that WOX1 may play an important role in tumorigenesis.
Materials and methods

Clinical cases
Consecutive cases and samples of nervous system tumors were retrospectively retrieved from the tissue bank of the Department of Neurosurgery, Mackay Memorial Hospital, Taiwan. They were 15 meningiomas, 5 schwannomas, 10 astrocytomas/gliobalstomas/ependymomas, 2 melanomas, and 6 metastatic adenocarcinomas. All cases were independently reviewed by two of the pathologists. Meningiomas were classified according to WHO criteria as benign, atypical and malignant. This study has been approved by the institutional review board of Mackay Memorial Hospital, Taiwan.
Immunohistochemistry and western blottings
Immunohistochemistry of brain tumor sections was performed as described [14, 15] . Briefly, deparaffined sections were incubated with aliquots of diluted antisera against an N-terminal region of WOX1 or a phospho-Tyr33 WOX1 peptide (p-WOX, 1/600 dilution) [11, 12] . Both avidin-biotin peroxidase technique and glucouse-oxidase-nickel-diaminobenzidine (DAB) enhancement were used to detect antigenantibody complexes. Negative controls included: 1) staining the test tissues with non-immune serum, and 2) preadsorbing the antiserum with an immunizing, synthetic peptide (20nmol/ml). Where indicated, serial sections were stained with antibodies against mutant p53 (Pab 240), NF2/merlin (C-18, Santa Cruz) and WOX1. Alterations of the expression of both proteins were examined under fluorescence microscopy.
For immunoblotting, brain tissues, from patients with nervous system tumors or normal controls, were extracted with a lysis buffer containing 5 mM Tris (pH 8.5), 2% SDS and 10% glycerol. Equal amounts of proteins from each sample were subjected to electrophoresis and transferred onto nitrocellulose membranes. The membranes were then incubated with aliquots of WOX1 or NF2/merlin antisera (1 : 2000 dilution), followed by staining with horseradish peroxidase-conjugated goat anti-rabbit IgG. The reaction was visualized using an ECL detection kit (ECL, Amersham).
Electron microscopical immunocytochemistry (Immuno-EM)
For the EM study, the tumor tissue was fixed with a freshly prepared 1% solution of glutaraldehyde and 4% paraformaldehyde in 0.1 M phosphate buffer, and subsequently fixed in 1% of osmium tetroxide, dehydrated in a graded series of ethanol and embedded in Quetol 812 according to a standard protocol [14, 15] . Ultrathin sections (70-80 nm) were prepared with an ultramicrotome (Reichert-Jung, Austria) and labeled with WOX1 or NF2/merlin antibodies, followed by detecting with anti-goat 10 nm or anti-rabbit 20 nm protein A-gold probes (British Biocell International). The sections were stained with saturated aqueous uranyl acetate and lead citrate at room temperature. Specimens were then observed under a transmission electron microscopy (JEOL JEM-1200EX, Japan) at 100 kV.
Generation of complementary RNA (cRNA) probes and in situ hybridization
Total RNAs were isolated from 6 cases of meningiomas and 2 human cortical tissues by Trizol reagent (Invitrogen). Two g of total RNA from the specimens were reverse-transcribed. Single-stranded, digoxigenin-labeled WOX1 cRNA probes were generated using a two-step PCR amplification and in vitro RNA transcription [10] . Briefly, amplification for 35 cycles under standard conditions was performed by the following primer pairs: WOX1 (sense) 5 -AAAACGACTATTGGGCGATG-3 ; T7 + WOX1 (antisense) 5 -ACTCACTATAGGGAGAGTGT TGGAGGGACATTTGGA-3 . The purified PCR product was further amplified using the above sense primer of WOX1 and another composite primer (universal T7 : 5 -TAAGCTTTAATACGACTCACTAT AGGGAGA-3 ) to extend and complete the full-length 23-bp T7 promoter. One g of secondary PCR products served as templates for RNA transcription using a DIG RNA Labeling Kit (Roche). A sense cRNA probe was made for negative controls. The generated antisense or sense cRNA was used for in situ hybridization and the signals were detected using an immunoassay kit (Roche). The extent of WWOX mRNA expression was analyzed as indicated above.
Results
WOX1 expression and Tyr 33 phosphorylation in nervous system tumors
Tumor characteristics of different tumors were determined by hematoxylin and eosin stains. Table 1 shows the diagnosis of meningiomas, schwannomas, astrocytomas and ependymomas. Here, we examined first the WOX1 expression in the brain tissues obtained from normal cortical regions and tumors. In general, the levels of WOX1 expression were low in neurons and glia. Moderate immunoreactivity was present on the nerve fibers, including the axons of cortical pyramidal cells, striatal nerve bundles, corpus callosum and some projecting fibers (Fig. 1a) . The staining profile resembled that observed in the rodent nervous system. Upregulation of WOX1 and Tyr 33-phosphorylated WOX1 (p-WOX) was observed in most of the collected nervous system tumors, including astrocytomas and meningiomas ( Figs. 1-4 ). According to the WHO classification of meningioma, the fibroblastic, transitional and microcystic are classified as Grade I. Atypical and malignant meningiomas are classified as Grade II and III, respectively. High levels of WOX1 and p-WOX were detected in certain types, such as microcystic and malignant meningiomas. In the microcystic meningiomas, the paucicellular collagenous tissues with a sparse population of spindle cells were immunostained weakly. WOX1 immunoreactivity was mainly present in the cytosol of polygonal moderate to large cells with oval or round nuclei (Fig. 1b) . WOX1 expression was also detected in the nuclei of some small cells (Fig. 1c) . Perivascular hyalinization was negative for WOX1, but smooth muscles were immunoreactive in some large blood vessels (data not shown). In the malignant cases, many small whorls were scattered in the tumor. Differential WOX1 expression appeared in the meningothelial cells of lobules or clusters in various shapes or sizes (Fig. 1d, e) . For instance, mod- In normal human (a) and murine (a') brains, WOX1 was moderately present on the nerve fibers, such as the axons of pyramidal cells (arrowheads), whereas the staining intensity was low in cortical neurons (arrows). High levels of WOX1 were detected in microcystic (b, c) and malignant (d, e) meningiomas. In the microcystic meningiomas (b, c), WOX1 expression appeared in the cytosol of polygonal small to large cells with oval or round nuclei (arrows). Perivascular hyalinization was negative for WOX1, but endothelial cells and smooth muscles were immunoreactive in some large blood vessels (data not shown). In the malignant cases (d, e), many small whorls were scattered in the tumor. Moderate to high staining intensity was observed in the small whorls in storiform arrangement, whereas low levels of WOX1 appeared in the spindle cells with elongated nuclei around the outer portion. A similar pattern for NF2/merlin expression in the cluster of malignant meningiomas was also observed (F). Bar = 50 m.
erate to high staining intensity was observed in the small whorls with storiform arrangement, whereas low levels of WOX1 appeared in the spindle cells with elongated nuclei around the outer portion. Figure 1F shows NF2/merlin expression in a cluster of malignant meningioma, resembling that of WOX1/p-WOX. Moderate expression was present in another case with diverse cellular patterns, located between negative-staining collagenous and sclerosing tissues (b). In astrocytoma cases, the levels of WOX1 were relatively low in the lowgrade astrocytomas, such as pilocytic type (data not shown). In the case with oligodendroglioma and astrocytoma mixed tumors (grade II), immunostaining was moderately present in the matrix of non-proliferating round tumor cells (c, d). WOX1 was also strongly expressed in the anaplastic subtypes (e). In the ependymoma case (f), WOX1 expression was expressed in the cytosol of cyst-lining cells. Bar = 50 m. Fig. 2 . Differential expression for WOX1 in transitional (a-f) and atypical (g, h) meningiomas. The progressive sclerotic and osseous changes were observed in these cases. The staining pattern in some cases was similar to that of malignant types, located on small whorls, rather than on large ones (a, b). WOX1-positive profiles were observed either in the cytosol of polygonal/oval moderate tumor cells or on the nuclei of small or spindle cells (c). In general, the expression of WOX1 was intense in the meningiotheliomatous area and weak in the fibroblastic area (d, e). Low to moderate staining was present in other subtypes such as fibroblastic meningiomas (f). Further, the tumor profiles and WOX1 expression in atypical meningiomas were full of variety like transitional subtypes. g & h show that WOX1 expression was moderately expressed in tumor whorls but was weakly present in another cases without cluster formation. Bar = 50 m. The tumors of transitional meningiomas consisted largely of spindle fibroblast-like cells, forming loose fascicular patterns (Fig. 2a-e) . Progressive sclerotic and osseous changes were observed in these cases. In the transitional type, the staining intensity and profiles were differential. The staining pattern in some cases was similar to that of the malignant types, located on small whorls, rather than on large ones (Fig. 2a,  b) . WOX1-positive profiles were observed either in the cytosol of polygonal/oval moderate tumor cells or on the nuclei of small or spindle cells (Fig. 2c) . In general, the expression of WOX1 was intense in the meningiotheliomatous area and weak in the fibroblastic area (Fig. 2d, e) . Low to moderate staining was present in other subtypes, such as fibroblastic meningioma. Figure 2f shows that the fibrous type had sparse to moderate cellular proliferation, spindle cells arranged either haphazardly or in loose fascicles, and was associated with dense intercellular collagen. The WOX1 expression was weak in this tumor type. Further, the tumor profiles and WOX1 expression in atypical meningiomas were full of variety like transi-tional subtypes. Figure 2g and 2h show that WOX1 expression was moderately expressed in tumor whorls (Fig. 2g) , but weakly present in another case without cluster formation (Fig. 2h) .
In other nervous system tumors, various levels of WOX1 and p-WOX expression were also detected. Figure 3a and 3b show their expression in schwannomas obtained from the cerebellopontine angle. The spindle cells with very small dark nuclei and wavy cytoplasmic processes were immunostained intensely as compared with fibroblast-like tumor cells with elongated nuclei (Fig. 3a) . Moderate expression was present in another group of tumor cells located between negative-staining collagenous and sclerosing tissues (Fig. 3b) . WOX1 expression appeared in some nuclei of the diverse cellular patterns. In general, the levels of WOX1 were relatively low in the low-grade astrocytomas, such as pilocytic type (data not shown). In the case with oligodendroglioma and astrocytoma mixed tumors (grade II), immunostaining was moderately present in the matrix of non-proliferating round tumor cells (Fig. 3c, d ). The primary tumor-like area with small vesicles and sparse nuclei was also immunopositive. Moreover, WOX1 was strongly expressed in the anaplastic astrocytomas (Fig. 3e) . Notably, the intensity of WOX1 expression was higher in the growing clusters with increased cellularity than in peripheral spindle cells. In the ependymoma case, WOX1 expression was expressed in the cytosol of cyst-lining cells (Fig. 3f) . We verified our observations by histological grading and showed different profiles for WOX1 immunoreactivity in different nervous system tumors in Table 1 .
Phosphorylation of WOX1 at Tyr 33 (p-WOX) was also detected by specific antibodies. The immunoreactive profiles were similar to those of WOX1. Figure 4 shows moderate to high immunopositive staining in malignant meningioma, schwannoma, anaplastic astrocytoma, and grade VI glioblastoma. In some cases, p-WOX expression was observed in the nuclei of large malignant tumor cells (Fig. 4d) and proliferative small cells (Fig. 4f) .
WWOX mRNA in meningiomas in situ hybridization
To maximize the specificity for the full-length WWOX mRNA by in situ hybridization, we selected exon 8-9 of the human WWOX gene to design both sense and antisense probes. Half of the collected specimens from meningiomas and astrocytomas were reacted with the non-isotopic anisense probe. Hybridization showed that a low level of WWOX mRNA expression was observed in the normal cortex area (Fig. 5a) , whereas WWOX mRNA levels were obvious in some tumors (Fig. 5b, c) . The staining pattern and intensity resembles that by immunohistochemistry both in malignant tumor (5b-d) and transitional subtypes (5e-h).
Ultrastructure of WOX1 expression and colocalization of WOX1 and merlin detected by Immuno-EM
As memtioned earlier, WOX1 proteins were present in the cytosol or nucli in different types of meningiomas. In the microcystic meningioma case, numerous 10 and 20 nm gold-particles for WOX1 and merlin in small meningothelial cells were distributed around the nucleus (Fig. 6a, b, d ). Co-localization of WOX1 and NF2-immunolabeled particles was also present on cytosol, such as the mitochondria and secreting vesicles (Fig. 6d, e) . On condensed, degeneration-like nuclei, WOX1-and merlin-positive particles were also co-expressed (Fig. 6c) . Figure 6f to 6h show numerous gold particles for phosphorylated WOX1 in the cytosolic organelles, such as rER and ribosomes as well as the nucleus. In the transitional case, both WOX1-and merlin-positive gold particles were co-expressed in moderate cells with round or oval nuclei (Fig. 7a,b) . In the atypical case, in both small or moderate cells with elongated or oval nuclei, gold particles were few, as described earlier (Fig. 7c, d) . Under higher magnification, very few immunolabeled particles appeared in these cases either in the nucleus or cytoplasm (Fig. 7e) .
Western blotting assay
By immunoblotting, WOX1 expression also showed different levels in different meningiomas. Using different antibodies (wox-G from Santa Cruz, wox-N2 from Oncogene), a similar pattern was labeled. The data showed high levels of the WOX1 protein in the microcystic case (case 2) as compared with the normal control (c), atypical case (1) and transitional cases (3) (4) (5) (6) . Further evidence also shows that a high level of NF2/merlin expression in the microcystic menin- Fig. 5 . By in situ hybridization, the staining intensity and expression pattern of WWOX mRNA resembles that of immunoreactivity. In normal brain tissue, low to moderate expression for WWOX mRNA was present in some cortical neurons (a). WWOX mRNA appeared high in the small whorls of malignant meningioma (b, c), resembling its protein expression by immunohistochemistry (d). Low levels of WWOX mRNA expression were observed in tumor cells of transitional meningiomas (e). Note that some small capillaries (arrows in e & f) were positive for WWOX mRNAs and proteins (f). Interestingly, WWOX mRNA was also expressed moderately in some large blood vessels (g). Similar patterns for WWOX mRNA were also found in another transitional meningiomas (h). Negative control is shown in (i). Bar = 50 m. giomas (case 2), while WOX 1 (and possibly WOX 3) was similarly present in the transitional (cases 1 and 3) and microcystic cases. Very low WOX1 or NF2/merlin expression was detected in the atypical case (case 4).
Discussion
By immunohistochemistry, we have determined for the first time that tumor suppressor WOX1 mRNAs and proteins are upregulated in nervous system tumors, whereas WOX1 expression is normally present in the neuronal axons and nerve bundles such as corpus callosum and striatal fascicles. WOX1 labeling and Tyr 33 phosphorylation also showed a positive correlation with the grade of malignancy in the nervous system tumors, in accordance with the WHO classification. In the collected 40 s cases, WOX1 expression was highly present in the microcystic and malignant meningiomas, anaplastic astrocytoma and glioblastoma multiforme. In contrast, the levels of WOX1 were relatively low in low-grade meningiomas and gliomas, such as the fibroblastic type. Metastatic carcinomas and embryonal tumors stained weakly for WOX1. Ultrastructurally, nuclear translocation was obvious in certain cases and tumor cells. For instance, nuclear and cytosolic WOX1 or p-WOX was strongly expressed in small spindle cells in high-grade meningiomas and schwannomas. In benign or non-aggressive tumors, WOX1 was primarily located in the cytoplasm without any or few translocating to the nuclei. The observations are parallel to those in previous studies in that nuclear translocation is important for the hyperplasia and cancerous proliferation in specific tumor cells [9] . However, WOX1 localization is very variable. We have shown that the majority of upregulated proteins and Tyr33 phosphorylation were located mainly Fig. 6 . Electron microscopy indicating WOX1/merlin (a-e) and p-WOX (f-h) expression in microcystic meningiomas. Double immunostaining (a-e) shows co-expression of NF2/merlin (labeled by 20 nm anti-rabbit gold particles) and WOX1 (10 nm anti-goat gold particles). Large vesicles were found in these tumor cells. Note that the particles were primarily present in the nucleus or around the nuclear membrane (a, b). Some gold particles appeared in condensed nuclei (c). A similar pattern appeared in another cell (d). Note gold particles for WOX1 and merlin were also distributed in ribosomes, secretion-like vesicles and mitochondria (e). Further, p-WOX-labeled gold particles were also detected in the cytoplasm (f-h). Origin magnification: a, c, f, g,10,000X; b, d, e, h, 80,000X.
in the mitochondria in the stress-treated cell lines, prostate/ breast cancer cells and light-injured photoreceptors [9, 11, 12, 15] . In the present study, by electron microscopy, numerous WOX1-labeled gold particles were distributed in the rER, secretory vesicles, and collagenous fibers, as well as the condensed, debrislike nuclei, rather than in the mitochondria, indicating multiple roles for WOX1. WOX1 activation may also indicate the progression of tumor cells in relation to their hyperplasia, cancerous and malignancy. Recently, we demonstrated that upregulation and activation of WOX1 supports the prostate and breast carcinogenesis to pre-metastatic state [9] . We also indicated the procession of cutaneous squamous cell carcinoma is associated with WOX1 activation and expression [10] . Nonetheless, the reduced WWOX staining in invasive lung, breast and bladder cancers is associated with WWOX hypermethylation patterns. Here, the results that low levels of WOX1 expression present in the metastastic tumors in the brain or spinal cord suggest WOX1contributing in local hyperplasia and carcinogenesis but not in metastasis.
Neurofibromatosis type 2 (NF2) is an inherited disorder that leads to the occurrence of schwannoma and meningiomas [17, 18] . NF2 loss plays a large role in both tumor development and metastasis. The NF2 gene encodes merlin. Merlin, a tumor suppressor, interacts with a number of protein partners and inhibits many growth signal pathways when overexpressed. Further, the NF2/merlin status of meningiomas is associated with tumor localization and histology [23] . In this study, we have determined the immunostaining patterns and intensity of NF2/merlin in meningiomas, which resemble WOX1 expression. By electron microscopy, colocalization of WOX1 and merlin can be detected in certain cell types, such as moderate tumor cells in microcystic, malignant and some transitional menin- giomas. Merlin is considered a positive regulator of p53 in terms of tumor suppressor activity by neutralizing the inhibitory effect of Mdm-2 [22] . The praline-rich region of p53 binding with WW domains of WOX1 induces apoptosis in a synergisatic manner [11] . p53-WOX1 may act as a merlin binding partner in certain cells; it is not yet clear which of these tumor suppressors regulates tumor development synergistically.
Until now, the mechanisms of tumorigenesis generally have been explained primarily by the mutations of oncogenes or tumor suppressors. As mentioned earlier, WOX1 physically interacts with tumor suppressor p53 [11] . WWOX expression also triggers the redistribution of nuclear p73, a p53 homologue, to the cytoplasm, and then suppresses its transcriptional activity [5] . Several studies have reported that p53 labeling or p53 gene deletion shows a positive correlation with the grade of malignancy of astrocytomas or meningiomas [24, 25] , although some studies show different results [26] . Bc-2 and p53 exhibit a similar staining pattern in meningiomas. These cases expressing oncogene Bcl-2 protein presented a high proportion of proliferating cells in S phase. We have also observed high levels of Bcl-2 and mutant p53 gene products in some aggressive nerve system tumors (unpublished data). However, the upregulation of p53/Bcl-2 was mainly expressed in collagen-like fibers, only a few of immunopositive tumor cells were observed. The profile was different from that of WOX1/p-WOX or merlin. The relationship between WOX1 and other tumor suppressors or oncogenes is intriguing. We previously reported that overexpression of WOX1 preferentially inhibited viability and induced apoptosis in human glioblastoma cells expressing mutant p53 in vitro [27] . It implies that the survival of human glioblastoma cells may depend on interactions between the gain-of-function of p53 and WOX1.
As described above, WWOX is located at a common fragile region on chromosome 16q23.3 [1] and exhibits genomic alterations in lung, breast and other cancers [3, 4] . Point mutation in the gene are infrequent but deletions occur frequently [1] . In this study, we have examined the loss of heterozygosity (LOH) in our collected meningioma cases (n = 3), but no gene mutation was detected. Although the NF2 gene mutation is well known in meningiomas, we found that WOX1 and NF2 protein was colocalized in some tumor cells. This correlation may need further validation using more clinical specimens.
